abstract
The effect of previous conservative surgeries on the outcome of metal-onmetal hip resurfacing arthroplasty (HRA) has not been studied. This study compared postoperative clinical scores and survivorship results of hips with and without previous osteotomies in a population of patients who underwent HRA. A total of 1101 patients (1375 hips) with a mean age of 51.3 years at the time of surgery underwent HRA at a single center. Sixty-nine patients had undergone prior surgery on the operated hip including 14 osteotomies (1 pelvic, 6 femoral, and 7 combined pelvic and femoral osteotomies). Mean follow-up was comparable for patients with prior osteotomy and patients in the control group (101 months vs 96 months, P=.692); however, patients with prior osteotomies were much younger at the time of surgery (34 years vs 51 years, P=.001). Kaplan-Meier survival estimates were calculated, and the Cox proportional hazard ratio was used to adjust for the covariates that differed between the 2 groups and affected the survivorship of hip resurfacing. Patients who underwent prior osteotomy showed lower pain and activity scores. In addition, patients who underwent prior osteotomy had a greater chance of revision than the rest of the cohort (hazard ratio, 3.87; 95% confidence interval, 1.54-9.68; P=.004). For patients in whom the natural anatomy or the bone quality of the hip has been severely altered by a prior osteotomy, HRA may be contraindicated if good component fixation cannot be achieved and hip biomechanics restored. [Orthopedics. 2017; 40(4):e609-e616.] Tennessee). At the time of surgery, the average patient age was 51 years (range, 14-83 years). Diagnoses included idiopathic osteoarthritis in 1021 hips (74.3%), posttraumatic osteoarthritis in 47 hips (3.4%), osteonecrosis in 101 hips (7.3%), developmental dysplasia in 136 hips (9.9%), other childhood disorders in 43 hips (3.1%), inflammatory diseases in 21 hips (1.5%), and other in 6 hips (0.4%).
In 69 hips (5%), a prior surgical intervention was performed to prevent or delay the need for THA. These prior interventions included 14 osteotomies (1 pelvic, 6 femoral, and 7 combined pelvic and femoral), 16 femoral head coring, 18 femoral head pinning, 2 hip arthroscopies, 2 acetabular reconstructions, 3 vascularized fibular grafts, 3 hemiresurfacing arthroplasties, 7 open reduction and internal fixation (ORIF) procedures, 1 titanium locking plate (Orthopaedic Science Inc, Seal Beach, California), 2 osteochondroplasties, and 1 Judet graft. Patients who underwent a prior osteotomy constituted the study group, which was compared with the rest of the cohort patients who served as the control group (Table 1) .
Patients underwent follow-up annually for the first 5 years and then every 2 to 3 years as needed thereafter. University of California Los Angeles (UCLA) activity scores 13 and 12-Item Short-Form Health Surveys (SF-12) 14 were collected at each follow-up visit. For patients who could not come to the clinic for follow-up, a telephone interview was arranged.
The study and control groups were comparable in composition by sex (31% and 26% women, respectively, P=.399). However, patients in the study group were much younger at the time of surgery than patients in the control group (mean age, 34 years vs 51 years, respectively, P=.001). In addition, the study group included patients with developmental dysplasia of the hip (n=11), slipped capital femoral epiphysis (n=2), and posttraumatic osteoarthritis (n=1). Acetabular component positioning was assessed by measuring cup abduction and anteversion angles using Einzel-BildRoentgen-Analyse (EBRA-CUP) software (Innsbruck, Austria), and contact patch to rim (CPR) distance was computed as described previously. 15, 16 Final follow-up UCLA activity scores were compared between the 2 groups using Mann-Whitney U tests, and SF-12 mental and physical scores were compared using independent t tests. KaplanMeier survival estimates were generated, and log-rank tests were used to compare the survivorship curves. The Cox proportional hazard ratio was used to make adjustments for the variables that potentially could affect the survivorship of hip resurfacing and differed between groups. Alpha was set at 0.05. This study was approved by the institutional review board at the authors' institution.
results
Mean length of follow-up was comparable for the study and control groups 
692).
Preoperative UCLA scores were significantly lower for the study group (except the function and activity scores) compared with the control group (P<.05), whereas postoperative scores were comparable except for pain and activity scores, which were lower in the study group ( Table 2) . The SF-12 Survey showed lower scores preoperatively for the study group in the mental component, but no significant difference was observed postoperatively ( Table 2 ).
In the group of patients with prior osteotomies (Table 3) , there were 2 revisions at 14 and 4 years for loosening of the acetabular component; 1 revision at 8 years for loosening of the femoral component; 1 revision at 2 months for femoral neck fracture (Figure 1) , which was the only short-term failure; 1 revision at 4 years for recurrent subluxations from trochanteric impingement in a patient who had prior Chiari and valgus osteotomies; and 1 revision at 6 years for wear associated with a low CPR distance (Figure 2 ).
For 1 case revised at another institution, the mode of failure was unknown. The patient had a severe valgus deformity of the neck and 20° of adduction contracture, which resulted in an apparent leg-length discrepancy greater than 2 cm. This was corrected at surgery to less than 1 cm and was satisfactory for 8 years. However, after giving birth to 2 children, the patient complained of pain. At surgery, the components were well positioned and well fixed. Conversion to a THA provided some improvement (Figure 3) .
The prior osteotomy group had a greater chance of revision (Figure 4) , with a 54.2% survivorship at 13 years (95% confidence interval [CI], 25.0%-76.2%) vs 90.6% (95% CI, 88.1%-92.7%) for the rest of the cohort (P=.001). This finding remained after adjusting for age at surgery, UCLA activity score, component size, body mass index, and CPR distance ( Table 4) .
The effect of the other types of conservative surgeries also were assessed grouped together on survivorship and clinical scores. No difference was found between these hips and the rest of the cohort.
discussion
This study sought to determine the effects of a prior osteotomy on the clinical results (disease specific and quality of life scores, as well as survivorship) of HRA. The literature contains some information regarding the effects of prior surgeries on the outcomes of THA, but there is only 1 report of 4 cases with no follow-up related to HRA. 12 There is no such information coming from other leading centers that perform HRA, possibly because these centers simply did not consider a failed conservative surgery to be an indication for HRA. [17] [18] [19] [20] In the current study, the first result showed lower pain relief and activity scores among patients who underwent a prior osteotomy before their hip resurfacing procedure. The difference in pain score existed preoperatively, and it is possible that these young patients with long-standing disease did not reach the same level of pain relief as the rest of the population. However, the postoperative evaluation did not show a meaningful difference in quality of life between the 2 groups.
Of more interest is the result that a previous osteotomy was associated with a 4 times greater chance of undergoing revision surgery and a reduced survivorship to 60% at 10 years for the subsequent HRA. This result is in contrast with several studies focused on the effects of a prior osteotomy on the outcome of THA, in which no difference was found in clinical results or survivorship between patients with a prior osteotomy and patients without a prior osteotomy. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Most authors recognized the 
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Copyright © SLACK inCorporAted n Feature Article whereas few claimed a previous pelvic osteotomy facilitated the conversion to THA. 4, 21 It is possible that HRA may be more sensitive than conventional THA to alterations of acetabular orientation and proximal femoral geometry (Figure 3) . The monoblock acetabular component (cont'd) of the metal-on-metal resurfacing device does not allow the use of screws to secure fixation in an acetabulum that may be deficient or of variable bone quality. In addition, the orientation of the femoral neck largely determines the orientation of the femoral component. In a number of cases, femoral neck and head were short, affecting leg length and offset, which are more difficult to correct with HRA than with conventional THA. The decision to proceed with HRA after a previous osteotomy should include not only careful planning to ensure that proper fixation and component orientation can be achieved, but also the consideration of patient age, which certainly alters the risk-to-benefit ratio of the procedure. Prosser et al 22 reported the results of a small series of 19 patients with cerebral palsy and painful subluxed or dislocated hips who were treated with a femoral osteotomy performed at the same time as HRA. Despite a high complication rate (35%), the authors concluded the results were favorable for these combined procedures. However, their results are difficult to relate to the current series because of large differences in the patient population. Most patients in the current study group (11 of 14) had an underlying etiology of developmental dysplasia. Several authors have reported higher revision rates of HRA with this patient population, 23, 24 and the use of a special cup that allows the use of screws showed encouraging mid-term results. 25 However, in the current study's multivariate model, an etiology of hip dysplasia was not associated with a higher rate of revision ( Table 4) . These results suggest the etiology of developmental dysplasia of the hip itself is not a risk factor after adjusting for other risk factors, particularly component positioning and previous osteotomies.
A limitation of this study is the small number of hips resurfaced with a prior osteotomy, conferring insufficient statistical power to strongly support the null hypothesis whenever a statistical difference was not found. Because this type of information is not collected in national registries, only a meta-analysis of results reported from large centers could shed more light on the long-term effects of osteotomies or other conservative surgeries on the outcomes of HRA. It should be noted that a definite advantage of performing HRA rather than a conventional THA after a previous conservative surgery is the ability to retain difficult or impossible to remove hardware (Figure 5 ).
conclusion
The results of the current study suggest that without being a strict contraindication for HRA, the medical history of patients who underwent prior osteotomy should prompt surgeons to carefully study the geometry of both the acetabulum and the proximal femur to determine whether proper component orientation is still possible and whether an interference socket can reach adequate fixation. However, surgeons should bear in mind that metal-on-metal articulations have a much smaller optimal range of orientation than other technologies, specifically those with metal or ceramic against second-or thirdgeneration polyethylene. 
references

